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A. INTRODUCTION
More than 60 years ago, the German neurologist, von Weizs/icker (1940/1973) , presented his Gestalt Circle Theory. The central tenet of his theory was that perception and action are inseparably linked at both the neural and behavioral levels of organization. Furthermore, the 'circle of causality' between perception and action could only be broken by pathological conditions that affected the functioning of the brain. Given that at the time, perception and movement control were studied in relative isolation from each other, these were indeed bold statements not shared by more empirically minded students of human behavior, with the possible exception of Bemstein (1967) .
Turning to more recent times, von Weizs/icker's tentative claims have resurfaced in theoretical attempts to capture the mutual reciprocity between perception and action at both the level of behavior (for example, Gibson, 1975 ) and brain architecture (for example, Edelman, 1987) . In addition, there is growing support for his claim that (cortical) brain pathology can result in the dissociation between (visual) perception and the goal-directed movements that constitute action (for example, see Milner & Goodale, 1995) . Such theorizing has also begun to make significant inroads into research on (C) 2003 Freund & Pettman, U.K. 16 BRIAN HOPKINS development, especially during the period of inIhncy (an excellent example of which can be found in the work of Adolph [1997] on the development of locomotion). What is lacking so far, however, in this approach to early development is to account for the changing relationship not only between perception and action but also between them and posture. In the context of early detection in particular, it is argued that changes in the functional relations between perception, movement, and posture in the development of other undertakings encompass early detection, diagnosis and prognosis and, together with intervention, form the clinical continuum (see Fig. l ).
Definitions of these four aspects of the clinical continuum as well as the main issues that confront each of them are given in Table 1 . Where possible, reference is made to how they impinge upon research with clumsy children. (Stanley eta., 2000) Suggestion that isolated GM/IVH may predict less severe disorders such DCD (Paneth, Pinto-Martin, 1991) 1. Tertiary intervention studies with clumsy children have been infrequent 2. Such studies have not produced consistent findings with regard to the efficacy of partlicular approach (Miyahara, 1996) (Hopkins, 2002, p. 307) .
For their part, quantitative assessments (for example, stemming from kinematic analyses of limb movements) can help to address these problems. At the same time, such assessments can enable the underlying pathology in control mechanisms to be specified more precisely (see See. F). This benefit, when allied with a qualitative method of assessment, can be found in research on the gait patterns of children with cerebral palsy (Gage, 1991 (Bell & Szabo, 1986) . Despite the great size of its cerebellum, giving it a brain/weight ratio greater than a human adult, this moromyriad does not possess outstanding motor abilities. What it does have is a highly refined sensory system in which the cerebellum, together with midbrain homologues of the colliculli, plays a crucial role in detecting sense information from electroreceptors. Thus, the cerebellum in this fish is a sensory rather than just a motor organ as with echolocating bats and cetaceans who also have hypertrophied cerebella.
The point of mentioning this intriguing fish is that labeling brain systems as either motor or sensory may prove to be a fallacious exercise because they can be both. More generally, and at another level, (Gibson, 1975) Fig. 3 ).
High-speed, 3D video recordings were made of their arm and head movements when seated in the modified chair. The resultant kinematics were compared with those obtained with the infant sitting in an unmodified chair. Among other things, it was found that reaching was smoother (contained fewer movement units) when the infants were in the modified chair, but more so for the right than left arm (see Fig. 4 Mulcahy & Poutney, 1986; Reid, 1996) . So far, the benefits of these designs for such children amount to only promising claims, perhaps because of a lack of evaluations using appropriate controls and more objective measures.
At least, the kinematic parameters that were incorporated into the present study might contribute to improving the scientific rigor with which these evaluations are conducted. In the next section, we (Zupan et al., 1996) , the causes of PVL are a matter of debate. Nevertheless, one long-term outcome is indisputable: in most VPT infants, PVL is associated with spastic diplegia (Volpe, 1995) . Less severe forms of PVL have been implicated in the etiology of clumsiness (Hadders-Algra, in press) and related conditions like the Nonverbal Learning Disabilities Syndrome (Rourke, 1995) . In a study of PT infants with PVL verified by MRI, 3-D movement registrations were made of their spontaneous kicking movements in supine and compared with those of healthy FT infants at the (corrected) ages of 6, 12, 18, and 26 weeks (Vaal et al., 2000) . For those PT infants with the severest forms of PVL, the cross-correlations between the three joints of the (right) leg during kicking became increasingly higher over age compared with their healthy counterparts who had marked decreases in values after 12 weeks (see Fig. 5 for hip-knee cross-correlations).
Each infant with severe PVL had extensive damage to the corticospinal tracts, which suggests that they are involved in the regulation of intralimb (see Vaal et al., 2000) .
joint dissociations between 4 to 6 months of age. These tracts do not appear to play a direct role in interlimb coordination as there were no group differences across age in the relative frequency of simultaneous and altemating kicking movements.
To investigate the possibility that the coordination between leg movements is not regulated directly by the corticospinal tracts, a subsequent study was carried out (Vaal et al., 2002) . Now, small weights were applied to the right leg of PT infants with PVL and their healthy FT counter-parts at 26 weeks corrected age (the age at which infants with and without PVL differed most in terms of intralimb coordination as revealed in the previous study).
In short, there were no differences in the relative frequency of altemating and simultaneous kicking between the two groups of infants an outcome lending further support to the contention that cortical centers are not involved in the regulation of interlimb coordination. The PVL infants, however, increased their overall rate of kicking in the weighted condition relative to baseline (without weighting), which was not the case for the FT group.
The latter finding not only implicates the corticospinal system in adjusting the combined kicking frequency of both legs to an external perturbation but also says something about the coupling between proprioception and movement in healthy and in brain-damaged infants. One possibility is that the former galvanized functional synergies in such a way that they did not have to increase kicking frequency when the leg was weighted. In contrast, the PVL infants 'overreacted' to weighting the leg as shown by increases in the frequency of kicking compared to baseline. This difference implies perhaps that the healthy developing nervous system can increasingly exert a feedforward control over proprioception, whereas one compromised by cortical damage reacts in a feedback mode, at least with regard to leg movements. The ability to use a feedforward mode of control, perhaps by means of adjusting muscle torques to produce similar amounts of kicking in the weighted and baseline conditions, is probably achieved sooner than 6 months after birth (see Schneider et al., 1990 (Shik & Orlovsky, 1976 (Armstrong, 1988 Hopkins et al., 1993) . During these periods, which can be empirically verified (see Hopkins, 2001 ), infants whose nervous systems have been adversely affected in some way may display an inability to achieve motor equivalence across variations in experimental conditions. In other words, they evince a lack of functional plasticity. Such children might, of course, take longer to achieve a particular transition or even not make it all.
Moving to the other end of the clinical continuum, timing should also be a consideration as to when primary or secondary intervention is most appropriate. More to the point, the question is how early it should be applied? One answer (Hopkins, 2002) stems from the concept of ontogenetic adaptations (Oppenheim, 1981) " certain structures and functions are needed for survival during one period of development, but they may be unnecessary (or even detrimental) for adaptations at later ages. Consequently, these structures and functions must be eliminated, suppressed, or reorganized in the course of normal development. At the functional level, such a major change in human development resulting in better adaptation to the extrauterine environment is evident some 2 to 3 months after birth (Prechtl, 1984 Theory (Hadders-Algra, 2000) . This theoretical perspective is in many ways consonant with the perception-action approach to development, all too briefly outlined in the present paper. Together, they could provide an impetus for us to integrate each aspect of the clinical continuum into an all encompassing theory that is applicable to research on developmental disorders. Such would be particularly beneficial for future studies on children who are afflicted with clumsy behavior, given that in the past there has been a paucity of theorizing about how the triad of perception, movement, and posture codevelop in such children.
